IMPORTANCE While functional rhinoplasty has been broadly studied, to our knowledge no systematic review and meta-analysis of lateral wall repair has been done previously.
T he multifactorial etiology of nasal airway obstruction is well documented, and this condition can significantly affect patients' quality of life. 1 In 2010 the American Academy of Otolaryngology-Head and Neck Surgery released a clinical consensus statement describing nasal valve compromise as a distinct clinical entity leading to nasal airway obstruction. 2 The clinical consensus statement also identified lateral nasal wall collapse or insufficiency as a distinct etiology of nasal valve compromise and described the importance of surgical correction for its treatment. 2 Functional rhinoplasty is the treatment of choice for nasal valve compromise. The term functional rhinoplasty refers to a collection of various surgical techniques to correct obstruction of the internal or external nasal valves or both. 3, 4 The pathophysiology leading to compromise of both the internal and external nasal valves has been described extensively in the literature. 2, 3, 5, 6 The compromise of internal and external nasal valves can be either static or dynamic. The dynamic collapse of both internal and external nasal valves due to lateral nasal wall collapse is termed lateral wall insufficiency. 3 This validated grading system is based on the location and percentage of closure of the lateral nasal wall toward the septum. 7 The Nasal
Obstruction Symptom Evaluation (NOSE) scale is a widely used, patient-reported outcome measure that effectively quantifies nasal obstruction symptoms. 8, 9 The NOSE scale is a reliable and valid method to assess nasal obstruction symptoms due to nasal valve compromise. 8 Despite growing interest in nasal valve compromise and its surgical correction, only 2 previous systematic reviews have evaluated evidence for the effectiveness of functional rhinoplasty. Rhee et al 10 have found evidence for the effectiveness of functional rhinoplasty in the treatment of nasal valve compromise. That study did not include a quantitative synthetic analysis. In turn, a systematic review by Floyd et al 11 included a meta-analysis reporting significant differences between preoperative and postoperative NOSE scores in favor of functional rhinoplasty. Both previous reviews have included highly heterogeneous samples combining different study designs, rhinoplasty techniques, and causes of nasal valve compromise. Such a broad approach has left many questions unanswered. The objective of the present systematic review and meta-analysis was to evaluate the evidence for the effectiveness of functional rhinoplasty when lateral wall insufficiency was the primary cause of airway obstruction and lateral nasal wall repair the primary mode of treatment.
Methods
The criteria for considering studies for this review were based on the PICO (population, intervention, comparison, and outcome) framework as follows:
• Types of studies: Clinical and observational studies with available abstracts and published as full-scale original articles or brief reports in peer-reviewed academic journals with no restriction on language or time of publication. To avoid missing potentially relevant studies, the use of other limiters and filters was restricted, relying instead on manual selection. Similar clauses were used when searching the other databases. The references of identified articles and reviews were also checked for relevant articles.
After the exclusion of duplicates, theses, conference proceedings, etc, 2 independent reviewers (C.K.K. and E.A.S.) first assessed the relevance of the remaining records based on titles
Key Points
Question Is repair of the lateral nasal wall effective in adults with nasal airway obstruction?
Finding In this systematic review and meta-analysis of 10 studies, which included a sample of 324 participants, the pooled effect size of functional rhinoplasty on the Nasal Obstruction Symptom Evaluation scale supported the effectiveness of functional rhinoplasty for nasal airway obstruction.
Meaning Functional rhinoplasty may be an effective treatment for nasal airway obstruction caused by lateral nasal wall insufficiency.
and abstracts, and then assessed full-text articles for eligibility. Disagreements between reviewers were resolved in both phases by consensus or by a third reviewer. As there were no relevant randomized clinical studies, the methodological quality of the included trials was not rated.
Data Extraction
Data needed for a quantitative analysis were extracted from the included trials using a standardized form based on recommendations by the Cochrane Handbook for Systematic Reviews of Interventions, version 5.1.0, part 7.6. 12 The protocol of the review was registered on the Prospero database (identifier CRD42017072072).
NOSE Scale
To differentiate patients with or without nasal obstruction, a severity scale for the NOSE score suggests using a score of 30 or higher. 13 According to this scale, the symptoms of patients reporting nasal obstruction are categorized as mild (5-25), moderate (30-50), severe (55-75), and extreme (80-100).
NOSE Scale Minimal Clinically Important Difference
The minimal clinically important difference (MCID) is a score change associated with the smallest clinical change detectable by a patient. Previously, the MCID for the NOSE was calculated based on (1) an anchor (change in breathing status perceived by patients who have had an operation) 9,14 and (2) a statistical distribution of scores. 9, 15 In this study, the distribution-based MCID of NOSE scores was used, setting the cutoff at 19.4 points. 9 
Statistical Analysis
The effect sizes of the included trials were calculated as a row mean difference in the change of total NOSE scores between groups. As the standard deviation of difference in means was reported by only a few studies, when pooling, the pre-post correlation coefficient was set at 0.6 and the sensitivity test was run with the coefficient set at 0.8. The effect sizes were accompanied by their 95% confidence intervals. As we had expected variability in study settings, a random-effects meta-synthesis was used regardless of the particular level of heterogeneity. The synthesis (1) combined the NOSE scores reported at all time points (seeking for change from baseline) and (2) combined the NOSE scores across 3 different postoperative follow-up periods (≤3 months, >3 to 6 months, and >6 months). We also performed a sensitivity test excluding the study by Egan and Kim 16 from the meta-synthesis.
The test for heterogeneity was conducted using the I 2 statistic describing the percentage of variation across studies originating more from heterogeneity than from chance. The potential publication bias was evaluated by an Egger test for asymmetry of the funnel plot (test for the y-intercept = 0 from the linear regression of normalized effect estimate against precision), where the trim-and-fill method was used to impute studies into the funnel plot to correct asymmetry. All the analyses were made using Comprehensive Meta-Analysis, version 3.3 (Biostat).
Results
The search yielded 1522 records ( Figure 1 ). After excluding duplicate records, reviews, case studies, conference proceedings, letters, editorials, and theses, 310 records were screened by 2 independent reviewers based on titles and abstracts. The remaining 83 records were further assessed based on their full texts. Eleven studies were considered relevant for the final analyses. 
Studies included in qualitative analysis
Databases were searched for relevant studies using criteria from the PICO (population, intervention, comparison, and outcome) framework. After examining records and excluding duplicates and articles that did not meet study criteria, 83 full-text articles describing clinical and observational studies were assessed for eligibility. Of these, 10 studies were determined to be appropriate for inclusion in the meta-analysis.
cluded 1 patient with composite graft repair for unilateral nasal stenosis, it also included 6 patients with nasal valve collapse due to internal nasal valve insufficiency and dynamic supraalar lateral wall collapse who underwent functional rhinoplasty with placement of alar batten grafts. Hence, it was considered relevant and included in computing the effect size. As shown in Table 1 , of the 10 included studies, 7 were conducted in the United States, 2 in Australia, and 1 in Canada. All the included studies were observational. Eight studies were prospective and 2 were retrospective. Sample sizes ranged from 6 to 79 patients. Six studies included revision surgery. The main results reported by the included studies were converted in unified form and presented in Table 2 . The same information is presented in graphical form in Figure 2 . The effect sizes varied from −21 to −60 points on the NOSE scale and were statistically significant in all but 3 studies (Barham et al, 17 Palesy et al, 20 and Yeung et al 25 ) . When combining the data across all 10 studies and from all available time points, the pooled effect size was −47.7 (95% CI, −53.4 to −42.1) points (Figure 3) , with high heterogeneity (I 2 = 72%) and no need for trim-and-fill correction with an
Egger coefficient of 0.67 (95% CI, −1.81 to 3.18; P = .54). The sensitivity test was conducted excluding the study by Egan and Kim. 16 In that case, the pooled estimate remained a Grafts used were spreader grafts (n = 39), columellar strut grafts (n = 23), lateral crural strut grafts (n = 20), flaring sutures (n = 6), and alar rim grafts (n = 5). and greater than twice the MCID for NOSE scores indicating a successful surgical outcome. 15 The risk of publication bias was insignificant for all 4 analyses, with no need for a trimand-fill correction.
Discussion
In this systematic review and meta-analysis of 10 observational studies and pooled sample of 324 patients, the NOSE scores showed significant overall improvement after lateral nasal wall repair. The results were similar when pooling effect sizes for short-, mid-, and long-term follow-up figures. The calculated pooled effect sizes suggested that favorable results of the repair are also seen more than half a year later. This meta-analysis included only studies evaluating lateral nasal wall repair with outcomes based on NOSE score changes.
Limitations
The included observational studies were mostly conducted on small samples, and no randomized studies on the topic fulfilled the inclusion criteria. Although this meta-analysis favored the effectiveness of surgical lateral nasal wall repair, the main limitation of this review was the inclusion of lowquality observational studies, retrospective studies, and studies without controls. The ethical issues related to conducting randomized trials in surgery may explain the absence of randomized studies on the topic of interest. 26 Because of the low number of studies in each separate follow-up analysis, results must be interpreted cautiously, as small studies are prone to random error that can affect the results of the meta-analysis. Rhee et al 10 and Floyd et al 11 attribute the inability to structure optimal study designs for higher levels of evidence to the multifactorial nature of nasal valve compromise and variable surgical techniques necessary for its correction. Previous systematic reviews of functional rhinoplasty have been useful in providing higher-level evidence of the utility of functional rhinoplasty in treating patients with nasal obstruction due to valve narrowing. 10, 11 However, both of these terms are somewhat loosely defined to include multiple treatments and diagnoses, respectively. The current study was designed to overcome limitations faced by 2 prior systematic reviews of functional rhinoplasty by concomitantly specifying disease state, treatment type, and outcome measure. The primary etiology of nasal airway obstruction in the studies was narrowed to include only lateral wall insufficiency, either by itself or in combination with an internal nasal valve. Following with the selected etiology, the primary surgical technique was to include only lateral nasal wall repair with or without concurrent septoplasty, turbinoplasty, or both to address the specific secondary causes of nasal airway obstruction. Finally, the outcome measures to be studied were based on the NOSE scale, a validated and widely used patient-reported outcome measure. 8 By designing our study based on a specific intervention for a particular etiology using a single outcome measure, we have attempted to more specifically determine the efficacy of lateral wall stabilization in the face of lateral wall insufficiency.
In the current study, based on reported baseline NOSE scores, all included studies except 1 were reported to have severe or extreme nasal obstruction. These scores are in line with the study by Floyd et al, 11 in which the reported average preoperative NOSE score of 67.4 would indicate a severe nasal obstruction according to established severity classification. 13 The mean improvement in NOSE scores at the 3-to 6-month postoperative period was also comparable to the observations by Floyd et al 11 for this period. These results suggest that the cohort of patients included in our study could be a subset of the population included in the study by Floyd et al, 11 which dealt with functional rhinoplasty as an intervention in general. Herein, however, When combining the data across all 10 studies and from all available time points, the pooled effect size suggested that favorable results of the repair are also seen more than half a year later. The effect sizes of the included trials were calculated as a row mean difference in the change of total Nasal Obstruction Symptom Evaluation scores between groups. The effect sizes were accompanied by their 95% confidence intervals.
we have provided more specific data regarding lateral wall stabilization, which one may argue treats a fundamentally different disease process than static airway obstruction. Future research should favor controlled (preferably randomized) trials with outcomes based on validated patient-reported outcome measures such as the NOSE score. 27 
Conclusions
The pooled effect size of 10 observational studies supported the effectiveness of functional rhinoplasty when treating nasal airway obstruction caused by lateral nasal wall insufficiency. To improve the level of evidence, randomized controlled trials on the subject are needed.
